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" VOLL_ E II

: [ SPECIFICATIONS

This is the second of three volumes comprising the final report

t [ of work perforr_ d under NASA Contract NASw-841, "Study of
AttitudeControl System for Astronaut Maneuvering Unit".

i [ Volume I comprises the technical dlsctt_lon of work performed,; and Volume Illconsistsof the instrumentationand circuitdrawings
r

developed under the contract.

[
?

£

¢

i[

It
{ I 1781-FRI

Volume II

i

1965005351-005



[

[
[
!
!

SECTION I

I REQUIREMENTS FOR THEASTRONAUT MANEUVERING UNIT
ATTITUDE CONTROL SYSTEM

|
t
!
!
|
!
|
I
i
I
I

-I ] 781,-FR1
Volume II

i

1965005351-006



!
| 3

SECTION I

REQUII:_EMENTS FOR THE 'ASTRONAUT _,¢ANEUVERING D_IT
ATTITUDE CONTROL SYSTEM

I
1.0 SCOPE

1.1 Requirements

[ t_6 _- J4qS"P---
This specification defines requirements for an attitude control system (ACS)

for an astronaut maneuvering unit (AMU}. It also includes requirements for
a controller to be used by the astronaut in commanding translational or rota-

_ tional movement. Pertinent data for related subsystems is given,, :_ _.:___

1.2 Statement of the Problem

Future space missions will require astronauts to ]eave their spacecraft ,nd

travel to a target. Once there, they will perform some work task, inspection,

l assembly, etc. When their work is complete, they will return to their space-
craft. ..

[
For the foreseeable future, astronauts will perfomn this maneuver by orJeuting

mass expellant jets and applying translational thrust. During an orbital transfer,translational thrust also will be required for error correction.

l Proper orientation of translational jets and error sensors implies attitude

control and hence moment-producing devices. So long as mass expellant jets

"1 a_e required for translational thrust, it seems most unlikely any other moment-
producing devices will be attractive on a weight-size-power basis.

!
I
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{|
" I 1.3 Constraints

1.3.1 In view of the expehted translational thrust misalignments, it is most likely

I that an automat_.c attitude control system will be required.

_" I 1.3.2 The humar, eye (plus sighting devices) wi]i probably be the only erro,." sensor

available for line-of-sight angle sensiog during the rendezvous maneuver.

[ Prior to and during translation, the astronaut must have as large a visual
: field as practicable, to permit searching i'or and locking on the target.

.._

}: [ During search, the scanning process shoula be facilitated by attitude
control _;hile during translation attitude stabilization will be necessary to

[ prever, t less of visual contact with the target.

1.3.3 After arrival at the target, the astronau_ must have attitude control capa-

bilJ:y in order to orient himself properly for performance of his tasks. After"
"_ at_.itude _rientation at the target the astronaut must be provided with mech-

i _ uniual body _e_t_-aint to permit application of arm and hand forces on the
_ _ools being used. He should have maximum freedom of arm motion and finger

l flexibility to successfully manipulate tools as needed. No work tasks will
require counteracting moments produced by the ACS, except in the movement

• _ of tools or material.

1.3.4 The ACS should at all time,; prevent angular rates from exceeding certain

maximum values, in order to prevent loss of orientation and onset of con_

" fusion on the part of the worker. In the event high rates (or tumbling) occur,

[ the astronaut should be equipped with a means for rapid recovery.

1.3.5 During translation, the limit cycle should not be annoying to the astronaut in
reepect to frequency and amplitude of cycling, or restrict his capability in

, _ _' solving the guidance problem.

• 1.3. 6 Size, Weight, Power -- The ACS must be compatible with life support, com-

munications, thrust propulsiun system, available batteries, and imposed

weight limitations.

!
i I 1781-FRIVolume II
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i 2.0 APPLICABLE REFERENCES

i 2. I NASA CorAract NASw-841

2.2 Test Conditions -- Functional, electrical, and mechanical design must be

I compatible with the space environment and AMU mission and configuration.

!
3.0 ATTITUDE C;ONTROL SYSTEM DESIGN REQLXREMENTS

3_ 1 General

I 3.1.1 Tile function of the ACS will be to control a_titudes and atti,'.ude ra'_es of

of an astronaut wearing abackpack AMU during rendezvous and perform-

ance of work tasks.
?

3.1.2 The ACS will be part of an AMU which will comprise, in additiou, a life
support system, a bio-electric _tructural interface, a translational pro-

" pulsion system, a controlier, power supplies, and a communications
system.

•• I 3.1, 3 The ACS shall consist of attitude sensing, valve drivi*_g _nd signal processil_g

circuitry.

_ 3° 1.4 'rhe ACS shall ol_erate in three modes: cynchronous, normal iimit c;'_,,_'ate

_' [ and extended limit operate --. and sh311 be compatible with an emer_,_,.%/ mode.

[ ""
3..I. 4. I Synchronous Mode -- The gyros a_.'_ heLd at their nude,, and jet :,,,i uation

is prevented so that no large rotatJo,_ would be required i_ _'-,_ _ed to

i! [ eitheroperatemode.

!i[
,Ik
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I _Normal Limit Operate Mode -- The ACS will stabilize the astronaut and
3.1.4,'2

mainta,.n him in the desired attitude within the tolerar'ces of I:'aragralch

l 3.2. 1. Upon actuation of the contro]lcr, the ACS shall provile a meansof rotating the astronaut in either direction about the x, y, ,_1,"z axis.

The astronaut should have a choice of three rates: high speed f._r gross

I adjustments, and two slower rates for fine attitude control. The astronaut
shall also have the ability to command two levels of translational acc¢lera-

l tion along both directions of his principal axes. For rotation, the con-
troller will command rates such that when tb._ command is removed, body

motion wi]! stop without counter-comman0, For translations, _he con-
l
-- troller shall command acceleration such that when the command is removed,

so are the translational forces.

3. 1. 4. 3 Extended Limit Operate Mode -- This is the same as r:ormal limi.t opera,e

_ mode, except that attitude tolerances are those of Paragraph 3.2.2 instead
of 3.2. 1.

3. !. 4. 4 Emergency Mode -- In event of an ACS ma!function cesulting in loss of

_ control or undesirable accelerations, the astronaut shall be provided with

means of immediately disengaging the ACS, of stopping the, inadvertent

-_ motions produced by the m&lfunct_.on, and of engaging an emergency

. minimum-performance system to permit return to the base vehicle.

3. I. 5 The system will be similar in function to the Mercury ASCS, Gemini ACME,

and Apollo SES.

I
3.i.6 The ACS sensors and controlelectronicssnailweigh less than 10 pounds

and consume less than 360 watts maximum. Volume of the ACS sensorsand control electronics shall be less than 250 inches 3

l 3, 1. 7 Reliability goal for the ACS shall be 0. 9980 for a four-hour mission. Re-

l_.ability is defined as the probability the ACS fulfills the performance

I requirements listed in Paragraphs 3.1.4. 1 and 3.1.4. 2 and defined in

Paragraph 3.2 without resort to emergency modes of operation.

!
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'. S An inerti._l coordinate system is established with the X-axis in an arbitrary
| directior=, the Y-axls at ri@ht ang)es and the Z-axis to form a right-handed

set. A set of right-handed princLpa] axes (x, y, z) is es'.ablished in theII
AMU -- the x-axis .Doiniin{: in the direction of inain translational thrust_

_. y-axis "out the right wing", and the z-axis approximately head-to-toe. The

-!; inertial system (X, ¥, Z) is rote_ted intc the AMU Ix0 y, z) system by first

_: a yaw ar4_!e (._) abou', the Z-axis, a pitch angle (8) around an intermediate

_ I piLch axis: _d _ roll angle (_) around the x-axis.
i

_, _ 3. 2. 1 Attitude Corn rol Requirement for Rendezvous
IL

in either direction around the x, y, z axes.

! I 3.2.1.2 InNormalLimitOperate0 withnothruat applied, the ACSshaiiholdset point angles w'_thin the foilowing limits (including limit cycle

"_ _ amplitude) for a period not to exceed 20 minutes:
L

_- Yaw + I"

_ [ Pitch ±I °

Roll -+-3°

3. 2.1.3 In Normal Limit Operate, with • x axis thrust applied and the center of

,_. | n,_ss within the limits given in Paragraph 5.3, the ACS shall hold the

_i _ct point angles within the following li:-_its (including limit cycle

R

"i am plitude):

" [
_' Yaw ± 5_

_[-. Pitch +5 °

M

_ _:_, 1781-FR1
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I 3.2. 1.4 In Normal Limit Operate, with ± y or _ z axis thrust and the center
I

of mass within the limits called out in Paragraph 5.3, the ACS shall

i I hold the set point angles within (including limit cycle amplitude):

Yaw ± 5°

_ Pitch ± 5°
Roll + 7°

3.2.1.5 With the ACS in Normal Limit Operate, if a new attitude is commanded,

f

i_ the ACS shall command attitude rates within tim following !imits:
:..... Yaw < 40 deg/sec

i _ Pitch < 40 deg]sec

Roll < 40 deg/sec

ii 3. 2. I. 6 Angular acceleration shall not exceed 1.5 rad/sec _ in roll and pitch _:_

and 0.75 rad/sec 2 in yaw.

3. 2. 2 t,ttitude Control Requirements for Work Taeks

3.2.2.1 Command attitudes must be continuously vari_ble through 360 degrees

in either directic_n around the x, y, and z axes.

3.2 2.2 In Extended IAmit Operate, with no thrust applied, the ACS shall hold
" set point angles within the follow_'_ _'mtts (inciud_ng limi_ cycle amplitude):

I} Yaw ±I0°
Pitch ± I0 Q

._ i"_11• ±10"

3. 2.2.3 In Extended Limit Operate, with the + x axis thrust applied and thecenter of mass within the limits giver, in Paragraph 5.3, the ACS shad

hold the set point angles within the following limits (including limit

cycle amplitude):

Yaw ± I 0°Pitch ± 10"

I Roll ± !0= 1781-FR1
., _ Volume il
f,
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3.2.2.4 _n Extended Limit Operate, with ± y or + z axis thrust and the centerof mass within the limits called out in Paragraph 5. i. ], the ACS

shall hold the set point ar41es within: #

Yaw + 10 °

f Pitch ±10 ° "

|_ Roll + 10 °

_ 3. 2.2.5 With the ACS in Extended Limit Operate. if a new attitud_ is commanded,

the ACS shall command attitude rates within the following limits:

Yaw < 40 deg/sec

Pitch < 40 deg/sec

)_ Roll < 40 deg/s,_.c
?

|_ 3. 2.2.6 Angular accelerations shah not exceed 1:5 rad/sec 2 in pitch and roll and

i L 0.75 rad/sec 2 in yaw.

4. 0 DESIGN REQI_MENTS - CONTROLLER

_i 4. 1 General

4. 1.1 The controller shall be designed to _l!ow the a_:tronaut to command trans-

; I: lationai or rotational movement_ through control of the translational pro-
L_

_ pulsion system.

_ 4. 1.2 The controller will be part of an AMU -lhich will comprise, in addition, aY

_, _ life support system, a bio-electro-structural interface, a translational

_:;[! propulsion system, an attitudecontrolsystem (as defined in Paragraph 3.0),

_ power supplies, and a communication system.

1!

4.1.3 The reliability goal for the controller shall be 0. 9975 for a four-hour mission.

{ Reliability is defined as the probability the controller will perform the function

_ described in Paragraph 4. 1.1 without resorting to emergency modes of

[i operation.

_ 1781-FRIVolume H
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I 4.2 Detai!
IM

" 4. 2.1 The operator shall be provided with an emergency ACS release in theI

H event of a malfunction. The release control shall be continuously ac-

} cessible and simple to operate, requiring only one short movement to

°1 actuate it. The emergency control shall not be located where it can

interfere with normal operational procedures, and shall not be liable

_ to inadvertent actuation.
|

4. 2, 2 The controller shall be mechanized using voice actuation.

4.2.3 A basic single voice command sequence shall result in a controller output

command duration of one Gecond.

: _ 4. 2.4 Sustained contro_er command output shall be obtained with a verbal

"repeat command instruction".

l 4. 2.5 Provision shall be included for correcting (or changing} a comrn_nd at

any time before the command has been executed.

4. 2.6 A single word "stop" command shall be included that will remove all com-

mands from the system. The translational system shall revert to Coast

mode, and the ACS shall revert to attitude hold using the reference which

l existed at the time the "stop" command was No release functiongiven.

shall be necessary for the system to accept new comm'_nds after the "stop"

command has been given.

l 4.2.7 An "ACS off" command shall be provided. System power shall remain onin this mode. Attitude gyros shall be in an attitude synchronous mode of

operation. Reaction jet operation must be prevented. Normal operation

should resume any time a nc_rmal command sequence is given, Attitude

reference shall be that existing at the time of the command, provided that

,_ angular rates are less than 20 deg/sec.

!
I 1781 -FR1Volume II -
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I 4.2.8 Commands sl_ll consist of the _ollewing:

I 4. 2.8. 1 Translational

4.2, 8, ]. 1 Jet commands in the fore an_ __ft _irectlon, up or down, and to

I either side shall be mechanized.

i 4. 2.8. 1.2 Two thrust level commands shall be included.

I 4. 2.8, 1.3 Mechanization shall be such that a "Jet on*' time in response to a
single command sequence shall be obtained as follows:

I Low High
Thmmt Mode Thzmst Mode

Axi_____s (sec) (sec)

[ Fore and aft 0.075 1 =

i _- Up and down O. 075 1Side 0.075 1

I 4.2, 8,,1.4 For sustained commands, the low thrust controller output sh_ll bet
at _ 1-cps pulse rate. The high thrust controller output shall be

constant for the duration of the sustained command,

I 4. 2.8. 2 Rotational
4"

4. 2. 8. 2, 1' Jet commsnds in pitch, yaw, and roll and in e_,'b_ _, ,_se (plus and

I minus) _h_ll be mechar.ized.

4, 2, 8. 2.2 Three levels of attitude rate commands zhall be i_'h_ded.

I

J
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!
I 4. 2.8.2.3 Mechanization shall be such that attitude rates shall be obtainedas follows:

I Precision Low Rate High RateMode Mode Mode

__xi_..____(deg/sec) (deg/sec) (dei{/sec)

I Pitch 0.15 3 20

Yaw 0. 15 3 20

I Roll O. 15 3 20

I 4.2.8.2.4 A low (guidancerendezvous) and a high (work task)limitcycle
amplitude mode switching capabilityupon command shallbe included.

4. 2.9 in the event of a malfunction in the ACS or propulsion systems necessitating

disengagement of ekie ACS, the astronaut shall be provided with a means for1 recovering from inadvertent tumbling. Because 'the astronaut may have dif-

ficulty determining the direction and amount of his tumble: recovery shall

be facilitated by effecting recovery in one plane at a time. Emergency

controls, reasonably accessible and easy to operate, sh_l be specified for

tumbling recovery, rotation, and translation with the ACS disengaged. The
emergency controls may be located wherever practicRble, and operated by

I any suitablemeans.

Since the emergency controlsmay be an integralpart of the translational

I propulsion system, design responsibility shall be limited to specification
only. Compatibiiitywith the ACS and controller shall be of major concern.

I The ACS design ._hallincludeallappropriate emergency mode circuitry.

I 5.0 DESIGN DATA

I The ACS and controllerdesign shallbe based on relatedsubsystem character-

isticsdefinedas follows:

I
l
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I 5.1 Human Factors

5.1. 1 Arm movement limits are as defined in Figure I-1.

i 5. i. 2 No head movement inside the helmet occurs.

5.1.3 Visual capability is as defined in Figure I-2.

|F

I 5.2 Thrust Propulsion System Characteristics

i 5.2.1 The basic jet configuration is as given in Figure I-3.

5.2.2 Nominal thrust rating of each reaction jet shall be 15 pounds.

b. 2. 3 Reaction Jet Characteristics[
5.2.3. 1 Hydrogen Peroxide System

'_ 5.2.3.1.1 Valve dead time = 10 to 15 ms for _urn-on and turn-off.

5.2.3. 1.2 Thrust rise time expressed as a single lag time constant measured

__'_' I from initiation of valve movement:
_ T.R. = 20 ms for hot catalyst beds.

T.R. = 80-100 ms for cold catalyst beds.

!
i_ I 5.2.3. 1.3 Thrust decay time expressed as a single lag time constant measured

from initiation of valve movement:

5.2.3. 1.4 Thrus_ amplitude shall be within 10 percent of nominal.

I

_:_ I 1781-FR1?_ Volume II
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5.2.3.1.5 Valve current design level shall be 1.0 ampere. Input impedance

design level shall be _0 mh and resistance 28 ohms. Valve pull-in

shall occur at 0.5 ampere maximum and drop-out at 0.1 ampere

minimum.

5.2.3, 2 Bi-propell&nt Sy_,tem• 1

i 5.2.3.2. 1 Valve dead time = 5 ms for turn-on.
}

t 5.2.3.2.2 Valve dead time = 1 ms for turn-off.

5.2, 3.2.3 Valve rise and decay time = 2 ms,i
}

5.2.3.2.4 Thrust rise time expressed as a single lag time constant measured

from initiation of valve movement:

T, R. = 0.0058 second

ii
5.2.3.2.5 Thrust decay time expressed as a single lag time constant measured

_ from initiation of valve movement:

T, D, = _,. 0058 second

!l
5.2.3.2.6 Minimum impulse obtNnable is equal to rated thrust, times 0.01"/3 second.

: 5.2.3.2.7 Thrust amplitude shall be within 10 percent of nominal.

:{I 5.2.3.2.8 Valve current design level shall be 1.0 ampere. Input impedance design

level shall be 30 mh and resistance 28 ohms. Valve pull-in shall occur

!t: at 0.5 ampere maximum and drop-out at 0. 1 ampere minimum.

l
1781-FRIVolume II
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_ 5.3 AMU Configuration
I

i Astronaut, suit, and AMU (backpack) configuration is as follows:

5.3. 1 Mass

i. Maximum Minimum
(slugs) (slugs)

Astronaut 5.09 5.09- Suit 0.65 O. 65

__ AMU 5.9______0 3. 7____0

L Total 11.64 9.44

5.3.2 Astronaut Positions

Mass distribution, and mass center and joint locations for the astronaut
plus suit for the positions upon which the study shall be based are given in¢

_ _ Figure I-4.
5-

_: 5.3.3 AMU Location

The position of the mass center of the AMU relative to the astronaut is
k

g_ven in Figure I-5.

5.4 _Long Tether L_ne Acceleration

_ [ The ACS design must be compatible with accelerations up to 8 fps2 c_used by

f a long tether line attached to the A1VIU. The line of action of the acceleration

_ shall be considered to the total center of for 1 ofpass through mass position1

_'_ Figure I-4 and Figure I-5, and p_rallel to the x-axis.

i It is assumed that a harness attached to the AMU will be utilized to constrain
i

ill
_ minimizing associated angular accelerations. Tether line forces shall be

I i directed nominally "for_ard" in all instances.

,_ 1781-FRI_- Volume II
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MAXIMUMLOWER

I _ ARM MOVEMENTWITH RESPECT TO
_ UPPER ARM

1 90"

t,"

!,
I MAXIMUM LATERALMOVEMENTOF UPPER

','- ARMWITH RESPECT
'I TO VERTICAL AXIS

_, Figure I-1. Arm Moven_.ent Limits
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ARM MOVEMENT
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:_ I IN HORIZONTAL
!: | PLANE

-f

i Figure I-1. Arm Movement Limits (Continued)
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!_ WiTH RESPECT TO TO UPPER ARM

VERTICAL/_YIS

} Figure I-t. Arm Movement Limits (Continued)
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Figure I-1. Arm Movement Limits (Continued)
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I
L UPPER LIMIT OF

I /_ VISUAL FIEL_
MAX EYE / \
ROTATION \ / \

I __ ,o.

| !_ \,, (_---_'_--_J _ .u,EoFs,c,T

i 70 °

] LIMITS OF COLOR _.._.,/ '_/_ LCM/ERLIMIT OFDISCRIMINATION VISUAL FIELD

| -.94"

LIMITS OF HEAD

ROTATION+ OR- 90-60 °

37 °

- 1
,, ,,,._,, = .__

| T-1-
35"

i MAX EYE _0-60"ROTATION

I 94" L;MIT OF COLOR '"
DISCRIMINATION

1 (VARIES WITH COLOR"
& LIGHT INTENSITY)

I Figure I-2. Visual Llmits
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I Figure i-3b, Principal Axes for Astronat_ Position 1 and 190-1bBackpack {Side View)
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co,7.9,-x_s_"...LJ

y (0,7.9,,-11.8)
0.18 SLOGS

"_" _'Tm,-7.9.-x,.s,S
i_ _- Im,-7.,,-IL8)/--

_. (0,7.?, .,,,,-,_-'_-sl 0.18
-4 5) v, .... SLUG

O'XZSLUGS_ ! _

o,__._ T(°,-''-_',

10,_.3,20_)

[i i : (0,-3.3,,0.3)
(0.._J,27.2)

• 0.28 SLUGS
(0,-).3,27.2) 0.28 SLUGS

I_" _ (2.5,S..%37.6) e_
._ 0.14 SLUGS

ed'(2.5,-:_, +37.6) 0.14 SLUGS

i_
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!

Figure I-_b. Position 2, Standing Erect - Legs Spread - Arms atRest in Horizontal Plane
0
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_i _-_--,re I-4c. Pos-Rion 3, Arms at Rest in Horizontal Plane-
i Legs Paralle1 But Deflected Forward
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Figure I-4d. Position 4, Arms at Rest in Horizontal Plane -

i Legs Parallel and Vertical
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0 Figure I-4e. Position 5, Arms at Kest in Horizontal Plane -

Legs Paralle1and Deflectedto One Side
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_: (0, O, - 25.1) HEAD !

_! NECK(0, O, -20.1)
SHOULDER(0, O, -17.5) ---)(.---

.._ c..M.

::_ TORSO(0, O, - 7.81 III B.P. (-8.5, O, -7.1)
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._ WITH NO 36" HIGH,_ BACKPACK
,,_t 18" WIDE

l*
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i SYMMETRICAL ABOUT
XZ PLANE, Y = 0
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i

Figure, I-5. Relative Locating of Astronaut and Backpack Centers of Mass
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SECTION II

,_: SPECIFICATIONS FOR THE

:; _ ASTRONAUT MANEUVERING UNIT
_ ATTITUDE CONTROL SYSTEM

[ Sensors and Control Electronics

' ! i. 0 SCOPE
7

I. 1 This specification defines the design requirements for the sensors and

control electronics of *,,he attitude control system (ACS) for the astrom, ut
4

_ maneuvering unit (AMU).

ii 1.2 The sensors shall consist of three orthogona!ly mounted floated integrating
gyros together with their mounting and attaching hardware and electrical

_ connections.

2

_: 1.3 TLe control electronics shall consist of circuits and components necessary to:

•: a. Provide al._ necessary voltages for the ACS except 28-vdc

2_ unregulated power which will be furnished from a batte W in
%

the AMU.

b. _evelop attitude control signals in response to error sign£s

_ from the sensors.

• ,_. c. Operat_ reaction jets in response to inpats from the controller
_ and attitude error circuits.

_ d. Torque the sensors in response to signals 2_om the controller,

e, P_'ovide drift compensation for the sensors if this is required
to meet drift specifications.

1781-FRI

l Volume II
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2. ij APPLICABLE SPECIFICATIONS AND R;_FERENCES

2,I NASA Cc_tract NASw-841

2.2 SectionI,_lq,_quirementsfor the Astronaut Maneuvering Unit AttitudeControl

i_ Syst_n_",ofth-._volume (Volume I!)of 178i-FR!, !5 June !964.

_i 2.3 Test Conditions
t_

2.3,1 Operation Durin_ Test

In those testswhich callxor equipment operation,the torquer amplifiers,

gyrcs, p<_wersupplies,and switchingamplifiersshallbe operated according

to the followingscheme:

o[
2,3,I.1 Sire'elatedloads shallbe connected to the je_drivers and power supplies.

i [, Simulated loads for the jet drivers are de_cr,bed in Paragraphs 5.2.3. 1.5
_ and 5. _. 3. 2.8 of Section I of this volume. Simulated loads for power sup-

p_ies shall draw rated curr_nt.

!
2.3.I.2 Simulated torque commands shallbe suppliedby externalequipment.

i!,
2,.3.I.3 Each gyro shallbe torqued inone directionuntilthe proper jetdrivers

, are actuated. Then itshallbe torqued in the Oppositedir,_ctlonuntilthe
" oppositejetsfireand so on. Jet drivers shalloperate according to the

! I device specification. L 4

2,3.2 Mechanical Vibration

2.3.2_1 Nonoperativg -- The equipment shallbe attachedto the vibrationmachine by

|i fastener_ a_d attachment pointsintendedfor installationin the AMU. The
equipment shallbe subjected to random vibrationat theinput po#er density

i shown by Curve I of Figure II-1 by a load-equalized shaker for a period of

i
i _ 1781-FR1Volume I1
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15 minutes along each of three mutually orthogonal axes. Clippers

il used to l_,,itpeak.accelerationsshallbe not less than 3 sigma. Proper

operationshallbe establishedby functionaltestsaccording to the ap-

_| plicabledevice specificationboth before and aftereach 15-minute period.}
The equipment shallalso be subje_.tedto two sweeps of the vibration

ii shown by Cu_we I of Figure II-2 along the seane three mutu_l!y orthogonal
axes as used for random ¢ibration. Time to complete one sweep shall be

_" 7 to I0 minutes. Again proper operation shallbe establishedbefore and

l} after each session.

!] 2. _. 2.2 Operating -- The equipment sha_ be subjected to the random vibration of

Paragraph 2.3. 2.1 e_cept with the input power density shown by Curve H

_ of Figure i and to the nonrandom Paragraph 2.1 except
H- vibration of 2. 3.

at the level_, shown by Curve ILlof Figure H-2. During "ach vibration period,

_ _ the torquer amplifiers,gyros, power supplies,and switct_ingamplifiers

shallbe operated according to Paragraph 2.3.J.

l l 2.3.3 Temperature

2, 3. 3. 1 High Temperatuce --- The equipment shall be exposed to a test chamber

_ whose walls ere maintained at 160°F. Mounting of the equipment shallminimize conduction to and from the walls. After reaching equilibrium,

power shallbe appliedand functionaltestsshallbe completed according

to the applicable device specification.

2.3, 3. 2 Low Temperature -- The equipment shall be exposed to a test chamberwhose walls are maintained at -60°F. Morntin_ of the equipment shall

minimize conductionto the walls. After reaching equilibrium, power :shallbe appliedand allfunctionaltests shallbe completed according to

the applicable device specification.

I1

[1
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._ 2.3.4 Radio Frequency InterferenceTests

The equipment shallmeet the requirements of MIL-I-6181D. During +.his

i-'" test,theequipment shallbe operated os described in Paragraph 2.3.I.

2.3. 5 Acoustic Noise

! The equipment shallperform withinspecificationlimitsduring and afterexposure to the sound levelsspecifiedin Figure If-3. Duration of the test,

willbe 30 minutes -- 10 minutes in each of three mutually orthogonal di-[i 'rections.

Ii 2.3.6 Acceleration

li The=-'equipment shallbe subjected to the testof Procedure I of MIL-E-5272.
L_

The accelerationlevelshallbe increased linearlywith time from 1 g t¢_

I_ 7.5 gts over 300 seconds and held at 7.5 g'sfor 60 seconds. The accelera-tionshallbe appliedalong an axis corr,"_ponding to the longitudinalaxis of

f_ the launch vehicle_ The 90-degree rotationspecifiedin Paragraph 4.16.1

of MIL-E-52"/2 shallnot be performed. At completion of the test.proper

operationo_ the equipment shallbe verifiedby testingaccording tO the ap-

plicabledevice specification.

I) 2.3.7 Altitude •

{_ The equipment shallbe mounted to a cold platewith the other fivesides
insulated. Ambient pressure shallbe reduced below I.5 x 10-5 psia.

l! The equipment ehall then be operated according to Paragraph 2.3.1. Thecold plate shall be held at 70°F for one hour. At the end of this hour, the

cold plate temperature shall be raised from 70°F to 100°F in 30 minutes,f:

[_ held at 100°F for 30 minutes; and then reduced from 100°F to 70°F in 30

minutes. The cold platetemperMure shallthen be held at 70°F_for 90

• minutes. The average heat inputto the cold platefrom the equipment slmll

: _ 1781-FR1
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not exceed 25 watts per square foot. At this time, the pressure sh_l be

i raised to room ambient and proper operation of the equipment established

by testing according to the applicable device specification.

2.3. 8 Salt Atmosphere

)
The equipment shall be subjec *_'a to Salt Fog Test Method 509 of MIL-

l STD-810. After 24 hours at room ambient =onditions, the equipment shallperform within specifice,tion limits.

•1 2.3. 9 Sand and. Dust

i} The equipment shall be subjected to Sand and Dust Procedure I of MIL-E-

5272 for 50 hours. The equipment shall perform within specification limits

il at the end of this test.

!l
i1 The equipment shall be subjected to Fungus Test Procedure I of MIL-_-5272unless all materials used in fabrication are non-nutrients to fungi. At the

completion of this test, the equipment shall perform within specific.qt!on

i l limits.

ii
i] The equipment shall, be exposed to 100 percent relative humidity for 48 hours.

The temperature shall be held between 65 and 85°F. At the end of this period,

_I_ the externa_ surfaces of the equipment (including external connectors) shall
j be wiped dry and then exposed to 65 to 85°F with relative humidity less than

80 percent for 24 hours. At the end of this period, the equipment _hall per-/

It form within specified limits.1

{
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2.3.12 Shock

When subjected to 50-g shock along the axis designated by the device

specification, the equipment shall not break loose from its mounta and all

internal parts shall be contained within the equipment. The shock sha_l

be _pplie_ as a sinusoidal pulse of 11 ms duration. The equipment need

not operate after the test.

_ 3.0 DESIGN REQUIREMENTS

i

3.1 Sensors

3. I. i General Description

The gyro shall have a single degree of freedom with limited gimbal

freedom. It shall be designated primarily for hard-mounted, strapped-
_ down applications. The unit shall include a means of compensation for all

gravity-insensitive torques. The operating temperature of the unit shall
not exceed 200=F.

3.1.2 Passive Electrical Characteristics

! The following nominal values are given as a guide or an indicution of the

expected mean.

3.1.2. I Spinmo_or Synchronous Impedance (at 400 cps): 75 + J130 ohms, line

to neutral.

3.1.2.2 Signal Generat_or Impedance (at 400 cps):

i i Primary 49+J1, ohms

[-i Secondary 980 + J980 ohms

Volume II
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!
l 3. !. 2.3 Compensator Impedance (at 400 cps): 13 + Jl3 ohms

3.1.2.4 Torque Generator:

_" Resistance 170 ohms

Inductance 5 millihenries

3.1.3 Mechanic__l and Dynamic Characteristics

3.1.3.1 Weight: 1.25 pounds maximum

3.1.3.2 Dimensions: 4. 25 inches maximum length by 2.25 inches maximum diameter

_! 3.1.3.3 Mounting and Aligm_nent (flange mount with index notch):

i l Notch alignment error 3 mr maximum

i _ Flange perpendicularity error 2 mr maximum

!i 3.1.3.3. 1 The gyro mounting structure shall provide a common heat sink between

the gyros to minimize the number of temperature control components

li required.

! ! 3.1.3. 3.2 Heat dissipation of electronic components will be used where possible

as heat supply sources to the gyro mounting structure to minimize the

_ temperature control operating power.
tJ

_! 3.1.3.3. 3 Heat transfer between the sensor package and the AMU structure willbe controlled for minimum temperature control operating power.

tl 3.1.3. 3. 4 Maximum power dissipation of the sensor package to the AMU mounting
structure shall bc 25 watts per square foot.

U
U
ii
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!
i 3. _1,3.4 Drift and Maximum Rates of Temperature: The gyro shall have amaximum drift rate (gravity insensitive) of 1 deg/hr after having first

been trimmed at normal operating temperature and after completing

I 3 warm-up cycles from a -30°F ambient condition.

3.1.3. 5 Input Axis Freedom: The gyro shall have an input axis freedom Jf
±14 degrees minimum, +20 degrees maximum.

[
3.1.3.6 An SN-20-20 PS Continental connector shall" be used.

I 3. 1.4 Performance Characteristics

3. I. 4. 1 Spinmotor: The spinmotor shall be a three-phase synchronous motor

designed to operate at 26 v rms, 400-cps nor_inal _:ne-to-ltne voltage

and shall maintain synchronous speed ,4own to 15 v rzns, 400 cps lint-
to-line. The spinmotor should not d-- _ more than 150 ma from each

phase when in synch and r_avning fr, , ,_ a 3-phase, 26 v rms line-to-line
voltage system.

i 3. 1.4. 2 Signal Generator: The primary excitation o_ _ ,-.•$nal gunerator shall

be 26 v rms, 400 cps. When excited from such a source and with the

secondary loaded with 15 k ohms the primary shall draw no more than

55 ma rms from the 26 v rms source. The signal generator shall ha:re

a scale factor of 12.5 v rms per radian ±5 percent.

3.1.4. 3 Torque Generator: The torque generator shall be of the ppr:nanent magnet
type (which requires no excitation) and have a control parameter of

0.3 deg/sec/ma +5 percent nominal, witl_ a linearity of 0, 2 percent fortorque rate versus torquer current from 0 to +100 ms, and a linearity of

1 percent for torque rate versus input angle between 0 and ±50 mi_liradians.

3.1.4.4_ Transfer Function Linearity: The incremental slope of the gyro transfer

function shall not deviate by more thP_ 10 percent from the mean over the
entire range of gimbal travel, r

[ 1781-FR1Volume I1
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I 3.1.4, 5 Phasing: Gyrc axis and positive rotations are defined in Figure II-4.With the spinmotor turning in a positive direction, positive rotation

of the gyro about the input axis shall cause positive rotation of the

I gimbal. Positive ,)rque from the torque generator shall also cause

positive rotation of the gimbal.

]
3.1.4. 6 Spinmotor Rvtation Detector: The gyro shall contain a spinmotor rotation

I detection device capable of supplying a 10-kilohm load with a minimum
signal of 200 miliivolts rms, 800 cps when the gyro zpinmotor has reaO'ed

l synchronous speed.

3.1, 4. 7 Drift: The gyro shall after environmental exposure per Paragraph 2.3

I exhibit no more than the following categorized drift rates:

Acceleration Insensitive I deg/hr maximum
.... eleration Sensitive 3 deg/hr/g

-_, ._cceleration 2 Sensitive 0.02 deg/hr/g 2 rms

i! i_ndom Drift Rate 0.05 deg/hr

Elastic Restraint 1 deg/hr/deg IA to + 3.5 deg IA

_ 1.5 deg/hr/deg IA to + 10 deg IA

i 3.1 4. 8 Induced Voltage:i
I 3.1.4. 8.1 Sensing Element -- With standard excitation applied to the spinmotor,_ signal generator, and operating heater, the open circuit rn, s voltage

inddced in the temperature-sens__ng element shall not exceed 3. 0 my.

3.1.4. 8.2 Motor and Heater Noise -- With the standard excitation applied to the

spinmotor and operating heater and all circuitry removed from the

signal generator, primary and torque generator, the vottage induced

in the open circuit signal generator secondary shall not exceed 5 my rms.

g
t
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!
l 3. i. 4.8.3 Signal Generator Null -- With the :gyro at operating temperature andstandard excitation applied to the spinmotor, signal generater primary,

and operating heater, the nul! or minimum signal generator secondary

voltage shall not exceed:

400 cps component 2.0 mv rms

I (quadrature on_y)
800 cps component 3.5 mv rms

I 2400 cps component 5.0 mv rms

I 3.2 Control Electronics

I 3.2.1 General

The electronics will consist of all logic and signal processing circuitry
necessary to operate eight reaction jets.

3.2.2 Details

3.2.2.1 Interfaces

I 3.2.2.1.1 The electromcs shall operate eight propulsion jet_ in response to

controller commands and attitude errors. Design characteristics of

the valves can be found in Paragraphs 5.2.3.1 and 5, 2.3.2 of Section I
of this volume.

3.2.2.1.2 The controller shall supply jet operating power to the electronics. The

controller will also supply six translational command signals and i9

I gyro torquingcommands.

3.2.2.1.3 The AMU power system will supply unregulated 28-vdc battery power.

Maximum power drain shall be 360 watts. This includes electronics,

i gyros, heaters, and six reaction jets.

I
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I
i 3.2.2. !. 4 The sensors will supply three attitude error signals to the control

electronics. The control electronics will supply torquing power,

i spinmotor power and signai generator excitation to the sensors.

3.2.3 Electrical Design

!
The electronics may be divided into three sections for discussion of their

I functional requirements. These need not represent spatial, functional, or
modular" subdivisions of the actual device. The sections are torquer amplifiers,

l attitude error circuits, and thrust logic.

3.2.3. 1 Torquer Amplifiers -- The input to the torquer amplifiers will b_ the

torquer commands from the controller. The output of the torquer ampli-

tiers will be voltages o._ currents of the proper sense and magnitude to

the proper gyro. ,

l 3.2.3.2 Attitude Error Circuits -- The input to the attitude error circuits will be
the output of the sensor signal generators. The output of the attitude

_t error circuits will be six logic signals designated:

I - Pos£ive yaw error

iI J - Negativeyawerror
K - Positive pitch error

M - Positive roll error

N - Negative roll error

The Boolean notation used throughout will be:

i] 1 represents the transmitting state (in particular when the
logic variable representing a thrust jet is equal to 1, the

i! jet is on)
0 represents the blccking state (jet off)

I] J'is the complement of J ("not J")

I';'81-FH1Volume II
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3.2.3.2. 1 The pulse circmL portion of the attitude error, circuits will behave- in the following manner:

i, K: or M = i for 17 milliseconds ",,'_eneverthe appropriateattitude error reaches -12 mr

J, L, or N = i for 17 milliseconds whenever the appropriatc
° attitude error reaches -12 ,mr

I 3.2.3.2.2 Each of three pseudo rate circuits will consist of two electronic logic

, switches and associated feedback circuitry. The description that

I' follows uses the terminology of d-c switching circuits but is uot intended

to prejudice the circuit design. The block diagrams are intended to
i
l indicate function rather than circuit details. Instead of voltage levels,
I

error magnitude will be specified in milliradians of input angular error.

When the respective input error- reaches +17 mr with an initial feedback

I voltage of zero, the I, K, and M switches shall switch I, K, and M from

I 0 to 1. The I, K, and M swi_ci:es will also apply a negative step d" layed

, 5 ms to a feedback he a transfer function of T/(S+T) where .

t T = 1 sec -I

i When the respect'.[ve input error reaches -17 mr with an initial feedback

voltage of zero, Lie J, L, and N switches shaU switch J, L, and N from

0 to 1. The J, [, and N switches shall at the same time apply a positive

step input delayed 5 ,n$ to the feedback network.

{
l 3. 2.3.2.3 Upon a logic input from the controller the deadband limits ot Paragraph

3.2.3.2.2 shall be _,_w_.tched from 17 mr to 160 mr.
i
!

1.
l
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I 3.2.3.3 Thrust Logic -- Power to operate the propellant valves shall be supplied_o the control electronics from the controller. When this power is on,

the jets shal! nperate according to the last set of Boolean equations in

l this paragraph.

| Nomenclature'
1

A
-_ B

.'I c
D The location and line of action of
E Jets these jets are shown in Section I.

(i F Figure I-3 of this volume.

H
v

_ O - *X (forward) thrust command
P - -X (aft) thrust command

i i Q " +Y (right_ thrust command Inputs to the thl,'st logicR - -Y (left) thrust command from the controller
_ S - +Z (dow_) thrust command

T - -Z (up) thrust command

_I A = (P+R+S) I:K'N' + (J+L+M) O Q' 'T'
B (O+R+S} J'L:N + (I+K_M) P Q'T'

• " P'R'T', C (O+Q+S_ I'L'N[' * {J+K+N)
: _ D = (P+Q+S) J'K'M'+ (I+L+N) O'R'T'

s_t
E (P+R+T) I'L'M' + (J+K+N) 0 Q
F (O+R+T) J'K M' + (I*L+N) P'Q'S'

_i G (O+Q+T)I'K'N' + (J+L+M) P'R'S'
• "_ H = (P+Q+T)J'L'N' + (I+K-',M) O'R'S'

• I Insofar as possible, the failure modes with the highest probability shall

fail in such a way as to make jet actuation less likely.

3.2.4 Mechanical Design

i! The control electronics shall weigh less than 3 pounds and occupy no more

volume than 85 cubic inches. Modular construe'ion shall be employed

ii where practicable.

i i 3.2.5 Reliability

i i The reliability goal for the control elect,tonics is 0. 9987 for a four-hour
i mission. Reliability is defined as th_ probability the control electronics

will perform the functions describea in Paragraph 3.2. _.
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I SECTION IH

I PERFORMANCE SPECIFICA'rlON FOI_ THEASTRONAUT MANEUVERING UNIT
ATTITUDE CONTROL SYSTEM

i CONTROL ELECTRONICS

l ].0 SCOPE

I This specification defines performance requirements for the control ele(Jtronics
of the attitude control system (ACS).

J 1. _ The <. ntrol electronics shall consist of cilcuits and components necessary to:

I a. Develop attitude control signals in response to sensor error

signals. ,

b. Operate reaction jets in response t_ sensor error Signals and

l commands from the con'_x)ller.

c. Torque sensors in response to controller command signals.

J c,. Control sensor thermal environment.

e. Provide sensor drift eompevsation.

i f, Provide necessary voltages for sensor and electronics functioningfrom the unregulated 28 vdc AMU battery.

I 1.2 Electrical Desig_n.

I 1.2. i Functional Requirements

;_ The ACS control etectronic_ is divided physically and functionally into thef_llowlng parts:

|
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!
i a. Control Logic and Temperature Control Amplifier:Honeywell Drawing No. SK92529"

I b. ACS Axis Computers and Sensor Torquer Amplifiers:

Pitch Axis: Honeywell Drawing No. SK92531

I Roll Axis: Honeywell Drawing No. SK92532

I Yaw Axis: Honeywell Drawing No. SK925_3

c. Reaction Jet Drivers: Honeywell Drawing No. SK92539

I
d. Power Supply: Honeywell Drawing No. SK92534

i. 2.1.1 Control Logic and Temperature Control Amplifier (SK92529)

!
1.2. !. 1. l The control logic sha_l accept digital inputs of the form "1" = +6 vdc

I and "0" = 0 vdc from the'c0ntrollerand the ACS axis computers. The
cot"rollogicshallperform _he logicfunctionsdescribed inthe following

I _oolean equations: -
A = (P+R+S) I'K'N' + (J+K+M) O'Q'T'

I B = (O+R+S) J'L'N' + (I+K+M) P'Q'T _
C = (O+Q+S) I'L'M' 4-(J+K+N) P'R'T'

I D = (P+Q+S) J"K'M' �(I+L+N)O'R'T' .E = (P+R+T)I'L'M' + (J+K+N) O'Q'S'

F = (O+R+T)J'K'M' + (I+L+N) P'_'S'

I G = (O+Q+T)I'K'N' + (J+L+M) P'R'S'

H = (P+Q+T) J:L'N' + (I+K+M) O'R'S'

I
!
I $H0.eyw_eli:drawin_ refeP.redto in thisvolthnaeare containeu in Volu.-.._eIllof this f_nal report.

I • : , t
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Where A, B, C_ D, E, F, G, and H represent the reacticn jets:

1 I - positive yaw error J - negative yaw error

:; K _ positive pitch error L - negative pitch error
J

_ M - positive roll error N - negative roll error

i i O - +x thrust command P - -x thrust command

! _ Q - +y thrust command R - -y thrust command

S - +z thrust command T - -z thrust command

B; for example, denotes the complement of B - "not B"

i
1.2. 1.1.2 The temperature: controi amplifier shal! continuously monitor the

! } sensor package temperature. During normal Operation it shad maintain

i !J the gyros at their nominal operating temperature (+180*F). The tem-

perature control amplifier shall continuously appl_y heater power during

!_ warm-up, until the sensor package temperature reaches nominal oper-

ating temperature (+180"F).

t. 2.1.2 Attitude Control System Ax;s Computers and Sensor Torque Amplifiers

" 1.2. 1.2. 1 Attitude Control System Axis Computers

I} ,_.2.i.2.I.1 Synchronous Mode: The controlelectronicss_,_11prevent reaction

jetfiringdue to computer actionand shallmaintain the sensors

wlthin 1 degree of null attitude for all input attitude rgtes less than

20 deg/sec. This is the normal mode of the ACS; that is, no input

signalshallbe require<lto establishthismode other than the ap-

plicationof primary electricalpower. No controllercommand

_I inputsshallbe allowed during thismode.

U
0
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I 1.2, 1.2. i. 2 Normal Limit Operate Mode: The control computer shall provide
attitude stabilizatiov within the specified limits of Section I of this

volume for the various program profile work tasks, The controlcomputer, upon controller command, shall produce translational

thrust along the axes of the unit in both senses. The control cora-

l purer shall pro,_ucc three levels of rotational rate in both senses
about each axis in response to controller c3mmand. Each rotational

rate, in each sense, about each axis, is in response to a unique and
distinct controller command input to the ACS. The tl anslatio_al

thrust and rotational rates shall persist for the auration of the con-
troller command input to the ACS.

1.2.1.2.1.3 Extended Limit Operate Mode: In response to a controller com-

mand, the ACS control computer shall expand the attitude limit

cycle deadband. Responses to translational and rotational controller

commands shall remain unchanged; however, rota_Aonal command

respor_ es may appear different due to the wide deadband.

1.2.1.2.1.4 Emergency Mode: Solenoid 28 vdc power and the operate signal shall
be removed from the ACS computers. Removal of these voltages shall

prevent reaction jet firing and shall place the ACS In synchronous mode_

"' 1.2.1.2.2 Sensor Torque Amplifiers

,[
The sensor torquer amplHiers are required to torque the sensors in

: [ response to digital inputs from the controller.

_, [ 1.2.1.3 Reaction Jet Drivers (SK92530)

r [ The reaction jet drivers are r_quired to switch the operating current ofthe reaction jet solenoid calves in response to the outputs of the command

_! logic.

_ ,I_ 1781-FRI:_ Volume II
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i 1.2.1.4 Power Supply (SK92534)

The power" supply is required to furnish all power for the operation of

the sensor and control electronics except unregulated 28 vdc.

i! 2.0 APPLICABLE SPECIFICATIONS AND REFERENCES

f i 2. 1 Section I, "Requirements for the Astronaut Maneuvering Unit Attitude

Control System, " of this volume IVolume II) of 1781-2R!, 15 June 1964

i

i 2.2 Section II, "Specifications for the Astronaut Maneuvering Unit Attit,:_

Control System Sensors and Control P-lectronics, " of this volume (Volame II)

: of 1781-FP_l. 15 June 1964

{ 2.3 Diagrams (see Volume III)

SK9252_ SK92532

SK92530 SK92533

SK92531 SK92534
f

3.0 DETAIL COMPONENT REQUIREMENTS

! i 3.1 Control_ Logic and Temperature Control Amplifier (SK92529)

3, 1, 1 Control Logic

3.1.1.1 Input Chara,_.teristics

3.1. t. 1. ! Power -.- The input to pin 8 of SK92529 shall be +6 :t: 0. I vde at 55 ma

maximum current with a maximum ripple of O. 2 v rms and maximumsource impedance of 3 ohms.

g
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I
l 3.I.I.I.2 Signal -- The inputsignalsto pins I,J, K, L, M,,N, O, P, Q, R,S, and T of SK92529, shah be of the digitalform "l" equals +6 + 0.6 vdc

with a maximum source impedance of 4.5 kilohms. "0" equals 0 ± 0.6

I vdc from a 4.5 kilohm source impedance,

i 3.1.1. 1.3 Noise -- "he input signal noise content shall b_ve an E2t product less
than 0.5 × 10 -6 v2 seconds for frequencies above 800 cps, where v is

I the peak amplitude of the noise voltage and t is the pulse duration or1/4_f. The input signal shall contain not more than 0.2 v rms each of

l 400- and 800-cps ripple.

3.1. i. 2 Output Characteristics

I
3. I. 1.2. l ' Power -- The output shall display a maximum source impedance of

i 4.5 kilohms.

3, 1.1_ 2.2 Signal -- The output of this device shall be +6 ± 0.6 vdc for "0" and
0 ± 0.6 vdc for "i"

l 3. i. i. 2.3 Noise -- The noise contained in the output of this unit shall be 0.3 v

i: peak and of less than 10 microseconds pulse duration, and shatl contain

, I not more than 0.2 v rms each of 400- and 800-cps ripple.

I 3, 1.1, 3 Functional Requirements: TI " ,,nit shall accept inputs of the form specified
in Paragraph 3. 1.1.1 and pl_ ide outputs per 3.1.1.2 according to the

I following rules expressed as digital logic equations:

A = (P+R+S_ I'K'N' + (J+L+M) O'Q'T'

_,_l B = (O+R+S) J'L'N'+ (I+K+M) P'Q'T'
: '-_(O+Q+S) I'L'M'+ (J+K+N) P'R'T'

!_. _ D = (P+Q+S) J'K'M'+ (I+L+N) O'R'T'

_ E = (P+R+T) I'L'M'+ (J+K+N) O'Q'S'

-- P'Q'S'5_ F (O+R+T) J'K'M'+ (I,-L+N) P'R's'I'K'N'+ (J_-L+M)

G = (O+Q+T) J'L'N' O'R'S'
_ H = (P+Q+T) + (I+K+M)

I_RI-FRI

_ I Volume II

•,:,_ , -- __._._,_ ...................... :_=.-_- .:i_-:.........._=o_:_.]:_ :".........._ ................ -,:)=7_,/.-_:._I...... ,_ _,_%_

1965005351-055



!
- 52-

i where
A

C The location and liL,e of action of
D
E to jet drivers these jets are shown in Figure I-3,

Section I of this volume.
F! o
H

| -
! - Positive yaw error

I J - Negative yaw errorK - : ositive pitch error

L - Negative p_tch error

l M - Positive roll error

N - Negative roll error

I 0 - +X (forward) thrust command

P - -X (aft) thrust command

l Q - +Y (right) thrust command Inputs to the thru t logic
from the controller

R - -Y (left) thrust command

I S - +Z (down thrust command

T - -Z (up) thrust command

!
3^ !. 2 Temperature Con* ,I Amplifier

l 3. I. 2. ] Input Characteristics

3. i. 2. i. 1 Power --

B 3.1.2. i.i. i Pin i of SK92529: +12+ 0.2vdc at 12.5 ma from a 3-ohm (max) source

containing less than O. 2 v rms each of 400 and 800 cps.

!
3.1.2.1. I.2 Pin_ofSK92529: -12± 0.2vdc at 18 mafroma 3-ohmlma_:) source

"'I containing less than 0.2 v rms each of 400 and 800 cps.

!
l 1781 -FR1
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I
3.1.2.1.1.3 Pin 8 of SK92529: +6± 0, I vdc a% 5 ma from a 3-ohm(max) source

containing less than 0.1 v rms each of _00 and 800 cps.

I 3.1.2.1. l.4 Pin 5 of SK92529: 28± 4vdc at 24mafrom a source impedance

of less than 5 ohms. Voltage source excursions below 24 vdc

I _hall be limited to 15 × 10-6 seconds.

I 3.1.2. 1.1.5 Pins 2 and 3of SK92529:_-6 v ground, +]2 v ground, -12 v ground,and +28 v ground shall be tied together.

J 3.1.2.1.2 Signal -- This unit requires a temperature-sensitive resistor which

is 780 ohms at +180°F and changes 1.5 ohms per degree F. This

I s_nsor element connects to a bridge to provide the needed temperature

control error signal.

I 3.1.2.1.3 Noise -- T}:e sense element shall have less than 750 millivolts rms

I each of 490 _nd 800 cps.

i 3.1.2.2 Output Characteristics

Th maximum base drive to the sensor package heater element driver

I transistor from the temperature control amplifier shall be at least 18 ma.

The noise Ja this signal shall be essentially that in the 28-vdc primary

i power source. With a 1.3-ohm resistor connected between pins 1 and 2
of SK92529 and less than 770 ohms between pins 6 and £'. a minimum of

I 18 ma curr_.nt shell flow through the 1.3-ohm resistor; when the resistancebetween pins 1 and 2 is greater than 790 ohms, i_.ss than 10 x 10 -6 am-

t peres shall fl_w through the I. 3-ohm resistor.

F

i|
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!
i 3, 2 Attitude Control System Axis Computer and Sensor Torquer

3.2, 1 Attitude Control System Axis Computers

!
The following requirements pertain to the pitch (SK92532), _oll (SK92531),

I and yaw c,omputers,
(SK92533) ACS axis

3. 2, 1. 1 input Characteristics

3.2. I. I. 1 Power --

3.2. 1.1. l.l Pin 3: +12+ 0.5 vdc at 8.5 ma maximum from a 3-ohm(maximum)

I source _mpedance containing less than 0, 2 v rms each of 400 and

800 cps.

;1
3.2.1.1.1.2 Pin 1: -12± 0.5 vdc at 21 ma maximum from a 3- ohrn {maximum)

! source impedance ccntaining less than 0.2 v rms each of 4110 and

_ 800 cps,

t 3, 2, 1.1, 1,3 Pin 23:+6 ± 0, 25 vdc at 27 ma maximum from a 3-ohm (m_x} source

impedance containing less than 0, 1 "- rms each of 400 and 800 cps,

'_ 3, 2,1,1,1,4 Pin 2: -6+ 0,25 v rms 400 cps square wave at 1 mamaximum from

i_, 1 a 0.15-ohm (max) source impedance. The square wave shall have a rise

and fall time oi less than 100 m. rosecor .is,
4m

3.2. 1, l. 2 Sign_.l --
1

3, 2, 1, 1, 2, 1 Analog Attitude Signal: The input shall be a 400 cps square wave with

•: _ a rise and fall time ol _ess than 100 microseconds, T_e input waveform

I shall be in or out of phase with the _raveform on pin 2, The input shall

i be applied between pins 20 and 21, An in-phase waveform shall denot_

I pin 20 in phase with pin 2, The input signal shall be applied from a
source of 1, 4 kiiobms or less impedance,

1781-FRIVolume II
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i 3.2. ]. i. 2.2 Digital Col_troi Signals:
Operate SigttaJ- +6 + 0.25 vdc at 0. 1 ma maximum at pin

I Stm_dby Sig_al: 0 :t 0.25 vdc at 0.091 ma maximum at pin 4

Range or Deadband Control:

17 mr: 0-± O. 25 vdc at 0. 001 ma at pLq 22
160 mr: +6_ O. 25vdc at i0 mast pin 22

I
3.2. I. 2 Output Characteristics

I 3. 2, 1.2.1 Power -- The output of this unit shall be either 0 ± 0.5 vdc or +6 ± 0.5 vdc

I from a 4.5 kilohm source impedance.

3. 2.1. _. 2 Signal --

!
3.2.1.2. 2.1 Normal Limit Operate Mode: The output between pins 13 m,d 14 shall

I show the relationship indicated in Figure III-1 with the inpUt between
pins 20 and 2], with +6 vdc applied to pin 4 and 0 vdc applied to pin 22.

I 3.2. !. 2.2.2 Extended Limit Operate Mode: Apply +6 vdc to pin 22. The input

i levels o,_ the preceding diagram shall be increased by the factor 8.9to produce the same input pattern of output voltages and switching times.

I 3. 2.1.2.2.3 Standby Modo: This mode is described in Paragraph 3.2.2.
f

I 3.2.2 Sensor Torquers

I The follo_w_ng _-equirements pertain to th e pitch (SK92532), roll (SK92531),and yaw (SK92533} axi.s sensor _orqucrs.

!
|

!
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0.2.';',/RMS

_i ! i m

O.Z7_ VR;,i$ i

PHASE _ov _-......._-....
PIN 20 1.75 V RMS _ i!

_; OUTC,r4'HAS_ I

I 0.201V RMS• I 0,2_8V RM_

|

TO T1 T2 T3 T4 1:5 T6T 7 T,,) TIO

0 + 0.5VDC PINI4 .._,_ Q_. _ L
' Ij -' ' to+o.svDc pmz_ i I !I m

'i- ' I '

T3-T 2 = 17=+1.7xi0 "3SECOEDS

& 1"5- T4 = 17 +1.7 x 10 -3 SECOIDS

& T7-16 = 5+1x10 "3SEGONrS

l & T9 - T8 = 37.7 +4 x 10 .3 SECONDS

!
Figure ]II-1. Input-Output Relationships for Axis Computers

!
1
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{

3.2, 2.1 Input Characteristics !

, 3.2.2. I.i Power --

°' _

3.2. Z. 1. i. i Pin l I. _-,m.,,,,._ I ,,a,-.___t..... _nn ma maximum from a maximum so_lrce
t

impedance of 3 ohms containing less than O. 3 v rms each of 400 and

800 cps.

"- 3.2. 2. 1 1.2 Pin 9: -20 ± 1 vdc at i00 ma maximum from a max source impedance of

- 3 ohms containing less than O. 3 v rms each of 400 and 800 cps. ,;

I
-- 3.2.2. 1.1.3 Pin 23:+6 :t: 0.25 vdc at 2.5 ma maximum from 3 ohms maximum.

[ source impedance containing less than O. 1 v rms each of I00 and 2

800 eps.

3. 2.2. I. 1.4 Pin 3: +'_2 ._: O. 5 vdc at O. 5 ma from a maximm_a source impedance of

_-: 3 ohms contaimng less than O. 2 v rms each of 400 and 800 cps.

I" 3.2.2.1.1.5 Pin 1: -1:: ± 6.5 .:de at 3. 5 ma from a maximum source impedance of
L: 3 ohms containing less thm_ O. 2 v r,n_ e_ch of 400 and 800 cps.

I' 3. 2.2, 1.2 Signal --

_i 3.2.2._.2 ,. St_n_UyMode(gyrosynch_o,i_.ation):0_ O.1-_dcat pi_4

l 3.2.2.1.2.2 Operate Mode: +6± 0.1 vdc at pin 4

I,
1.i

1"_81 -F}%I, Volume II
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3.2.2. 1.2.3 Rotational Rate Commands

Output Input (vdc) and Pin No.

7 8 i7 : 6 5 18
_ , J , ,, J t i__

!1.....
.

0 0 0 0 0 0 0

_20 '+G O , 0 O 0 0
' !3, -2o o o o I+8 o o!

o+°oiolo o'_ - 3 ,5 0 0 9 +6 0

J + 0.15 0 IOI '+6 I1 0 ] 0 0
- 0.15 0 1 0 0, 0 0 +6

i t .....

3.2.2.I.3 Noise -- Noise levels are not to exceed 0.I v rms eaeh at 400 and
!+

and 800 cps.

"!
&

:! 3.2.2.2 Output Characteristica
\

With a 170-o_n lo._dco,_uectedbetween pigs 12 and 16 of 3K'32531theL!
t

input-outputcharacteristicsshallbe as follows:

. Inpu, (vdc)and Pin No. Output*

I +7 8 17 6 5 18 i Load Current (ma_, .

1 [ Pins 12 to 16 *

+6 0 0 1 0 0 0 +90

0 +a 0 0 0 0 +13.5

"_ 0 0 +6 0 , 0 0 + 0.676

0 0 0 +6 0 0 -90

0 0 0 0 +6 0 -13.5
0 0 0 0 0 +6 - 0.676

°1'| 01o 0 0 0 0
•Signs r'elerto me polarityof pin 12.

I Current to]erance is _=10 percent

I 1781 -FRIVoltmne II
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J
!

3.3 Reaction Jet Drivers (SK92530)

3.3, I input Characterib_ies

3.3. !. 1 Power --

3.3.1.1. I +28 ± 4 vdc at 360 ma maximum from a source irnpedance of less I

than 3 ohms.

,_ 2- i

)
3. 3. 1.1.2 +12 ± 0.5 vdc at 6.4 ma maximum from a source impedance of less !

than 3 ohms containir, g less than 0.2 v rms each of 400 and 800 cps.

3. 3.1.1.3 -12 ± 0.5 vdc at 0.64 ma maximum from a source impedance of less

than 3 ohms containing less than 0. 2 v rms each of 400 an,t 800 cps,

L

3.3, 1.2 Signal -- The inp'_ signal for each input point shall be either 0 + 0.5 vdc

or +6 + 0.5 vdc t_'om a source impedance of less than 3 ohms containing
A

less than 0.1 v rms each of 400 and 800 cps.

3. 3.2 Output Characteristics

The output points shall be loaded with 2.6 ohms to grJund. With all input

points at 0 ± 0.5 vdc, all output points shall be 0 ± 0.01 vdc, When any

input is ra"_,ed to +6 ± 0.5 vdc the corresponding output shall become

+0.11 vdc + 0, Ol v. Input points are denoted on SK92530 by the letters

A thro_,gh H, and corresponding output points ,',re denoted by the same
letters followed by the subscript D.

i

{ .

{,
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i

_ 3.4 Power Supply

3. 4. I Input Characteristics

Input, shall be +28 ± 4 vdc at 2 amperes maximum from a source impedance

of !ess than 0.1 ohms. Voltage source excursions below 24 vdc shall be

limited to 15 x 10 -6 seconds. Voltage excursions above 32 vdc shall be

i limited to 40 vdc maximum amplitude and O. 1 second maximum duration at
|

a maximum pulse recui'rent frequency of 0.1 cps.

3.4. 2 Output Characteristics

The circuit of SK92534 must be properly connected to the reference

transformer and the power transformer per SK92539 in order to evaluate

i its operation. When properly connected, and with primary power of 3.4.1

applied to pin 7, the power supply shall have the following output c_,pabilities:

-] 3.4. 2.1 Pin 6:+6 ± 0.5 vdc at 150 zna maximum with a source impedance of

i_ 3 ohms maximum containing less than 0. 1 v rms each of 400 and 800 cps.

3.4. 2.2 Pin 20:+12 + 0.2 vdc at 30 ma maximum with a s.,urce impedance oft

_! 3 ohms maximum contaimng less than 0.2 v rrns each of 400 amt 80'3 cps.

'I 3.4. 2.3 Pin 17: -12 ± 0.4 vdc at 10b ma maximum with a maximum source im-
A

pedance of 3 ohms containing less than 0.2 v rms each of 400 and 800 cps.

;t
}3

3.4. 2.4 Pin 24:+20 ± 1 vdc at 300 ma maximum from a maximum source impedance;

_,_ of 3 ohms and containing less than 0.3 v rms each of 400 and 800 cps.

3.4. 2.5 Pin 22. -20 ± 1 vdc at 300 ma maximum from a maximum source impedance

of 3 ohms anti containing less than 0, 3 v rm'_ each of ,_00 and 800 cps.

178£ -FRI
Voltage II
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- 3.4.2.6 4-6 ± 0. 1 v rms at 1.2 va both in and out of phase of a 400 cps +5 percent

square wave having a maximum rise and fall time of 100 microseconds.

3,4.2.7 +28± 0.5 v rms at 12 vaof a 400 cps +5 percent square wave having a

_naximum rise and fall time of 100 microseconds

4.0 DETAIL ACS ELECTRONICS PACKAGE REQUIREMENTS {

All pin numbers iL, the following discussion refer to those shown on SK92539.

4 1 I_,a4 Simulation

f

4. i. 1 Jet Solenoid -- Connect 28-ohm, 50-watt resistors between J1 pins 4_,

42, 43, 44, 45, 46, 47, and 48 and the +28 vdc supply, i

k

4.1.2 Gyro Torquer -- Connect 170-ohm, 2-watt resistors between J2 pins

17 and 18, 26 and 27, and 33 and 34.

j (}

4.1.3 Temperature Sensor -- Connect a 1000-ohm potentiometer between J2
J

pins 29 and 30. I
l

L ,
4. 1.4 Sensor Heater -- Cc.,,:ect a 2.6-ohm, 5-watt resistor between J2 pins

} 8 and 9.

i 4. 1.5 Sensor Sig.._.al Generator -- Connect a 40-ohm, 1-watt resistor between
J2 pins 14 and 15.

I 4. 1.6 Sensor Spinmotor --- Connect an 87-ohm, 10-watt resistor in series with

a 21-millihenry choke between J2 pins 11 and 12.

)_

1
I
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- 4.2 Si___al_____ou.rc_ Simulatien

Connect i kilohm_ 0. 5-watt resistors between J2 pins 4 ano 5_ 2" and 24,

_ and 36 and 37; a['d connect J2 pins 5, 24, and 37 to Jl pin 2.

!
4.3 Standby Mode Oper.-tion

|
4. 3.1 Apply +28 vdc _.o Jl pi_ I and 98 v ground to Jl pin 2. Then:

_28 vdc shall appear' at J3 pin 1

28 ± 2 v r_ns 4(_0± 10 cps shall appear at J3 pin 4

6 v rms+10 percent 400 % I0 cps shall appear at J3 pins 6 and 7
(The waveform at pin-7 shall De out of phase with that at pin 6.)

+6 :h0.5 vdc shall appear at J3 pin 9

+12 ± 0_ 2 vdc shall appear at J3 pin 11
-12 ± 0.4 vdc shall appear at J3 pin 12

_ 20 ± 1 vdc shall appear at J3 pin 14

-20 ± " vdc shall appear at J3 pin 15

J
4.3.2 Pitch Sensor Torque -- Co:meat J3 pin 6 through _182 kilohms to J2 pin 4.

Voltage between J2 pins 17 and 18 shall be 1.. 7 ± 0.17 vdc, with pin 18
positive. Disconnect the 682-kilohm resistor from J3 pin 6 and reconnect

l to J3 pin 7. Voltage between J2 pins 17 and 18 shall be 1.7 ± 0.17 vdc,with pin 18 negative.

I 4.3.3 Roll Sensor Torque -- Connect J3 pin 6 through 682 kilohms to J2 pin 23.

Voltage between J2 pins 26 and 27 shall be I.7 ± 0. 17 vdc, with pin 27

positive. Disconnect the 682-kilohm resistor from J3 pin 6 and reconnect
to J3 pin 7. Voltage between J2 pins 26 and 2? shall be 1.7 ± 0. 17 vdc,

t with pin 27 negative.

!

i
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._ 4. 3.4 Yaw Sensor Torque -- Connect J3 pin 6 through 68}: kiloh_s to J2 pin 36.

Voltage between J2 pins 33 and 34 shall be i. 7 ± 0.17 :de, with pin :34

positive. Disconnect the 682-kilohm resistor from J3 pin 6 and reconnect

to J3 pin 7. Voltage between J2 pins 33 and _4 shall be 1.7 ± 0. 17 vdc,

with pin 34 negative.

4.3.5 Connect J1 pins 4, 5, 6. 7, 8, 9, tl, 12, :_, 14, _5, 16, 17, 18, 19, 20,

21, and 22 to J2 pin 2 and connect J1 pin 24 to J3-9. Voltages between
_- J2-!7 and i8, J2-26 and 27, and J2-33 and 34 shall fall below 0.3 v [_.

Ii absolute rnagnimde.

t 4. 4 Normal Lin',it O_oerate Mode

i 4.4. 1 Command Torque:

{ 4.4. I. i +Z0 deg/sec -- Remove the connections to J2 pins 4,23, arid 36. Remove
the connection.,, from Jl pins 4, 11, and 17 al,d connect these p!as to J3

l pin 9. The voltages between J2 pins 17 and 18 26 and 27, and 33 and 34shall become 14. 85 + 0.7a vdc with pins 18, 27, and 34 positive.

i 4.4. 1.2 -20 deg/sec -- Remove the connectlc-_ t,j J1 pins 4, 11, and 17 and connect

these _.ins to J1-2. Remove the connections previously made from. Jl

t !4, and 20, and connect these to J3-9. The betweenpins 7, pins voltage

J2 pins 17 and 18, 26 and 27, and 33 and 34 shall become 14. 85± 0.75 vdc,

l wi_h pins 18 27, and 34 negative.

l 4.4.1.3 +3 deg/sec -- Remove the connections previously made on J1 pins 7, 14,and 20, and connect these pins to J3-10. Remove the connections to J1

pins 5_ 12, and 18, and connect these pins to J3-9. The voltage between

I J2 pins 17 and 18, 26 and 27, and 33 and 34 shall become 2.22_ 0.1! vdc,

with J2 pins 18, 27, and 34 positive.

i
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i 4.4.1.4 -3 deg/sec -- Remove the connections prev_:ously made to pins Jl-5, 12,and 18, and connect these pins to J3-10. Remove the connections to Jl

pins 8, 15, and 21, and connect these pins to J3-9, The voltage between

I J2 pir,_17 and 18, 26 and 27, and 33 and 34 shall become 2.22 ± 0. 11 v(c,

with J2 pins 18, 27, and 34 negative.

!
4.4. 1.5 +0. 15 deg/sec -- Remove the connectzons previously made to J1 pins 8,

i 15, and 21, and connect these pins to J3-10. Remove the connections
previously made 'LoJ1 pins 6, ] 3, and 19, arid connect *nese pins to J3-9.

i The voltage between J2 pins 17 and 18, 26 and 27, and33 and 34 shall be-come 0.111 ± 0.011 vdc, with J2 pins 18,27, and 34positi -_

,I 4. 4. 1.6 -0. 15 deg/sec -- Remove the connections previously made to J1 pins 6.

13, and 19, and connect these pins to J3-10. Remove the connections

l previously made to Jl-pins 9, 16, and 22, and connect these pins to
J3-9. The voltage between 32 p{ns 17 and i8, 26 and 27, and 33 and 34

l shall become 0.111 ± 0.011 vdc, _th J2 pins !8, 27, and 34 negative.

l 4. 4. 2 Translation Command:

Voltage output at J1 pins 41 through 48 shall be 2,8 vdc from the primary

l 28 vdc source when Jl pins 4 through 9, 11 through 16, 17 through 22, and

'24 through 3_ are connected to J3-10.

!
4.4. 2.1 +X, Forward Translation -- Remove the previously made connectmn from

l J1-34 and co2mect J1-34 to J3-9. J1 pins 42, 43, 46, and 47 shall become+1 i- 0.5 vdc Remove the connection from J1-34 to J3-9 and make the

connection J1-34 to J3-10. Jl pins 42, 43, 46, and 47 shall be +28 ± 4 vdc.

4.4. 2.2 -X, Aft Translation -- Remov.: the previously made connection from J1-35

i and connect Jl--35 to J3-9. J1 plns 41, 44, 45, and 43 shall become
+l + 0.5 vdc. Remove the connection J1-35 to J3-9 and connect J]-35 to

I J3-10. J1 pins 41, 44, 45, and 48 shall become +28 ± 4 vdc.

!
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4. 4. 2.3 +X, Right Tra_lation -- P,eraove the previously made connection to JI-36and _-onnect J1-36 to J3-9. J1 pins 43, 44, 47, and 48 shall become

+I • C. 5 vdc. Remove the connection JI-36 to J3-9 and make the connection

Jr-36 to J3 I0. Jl pins !3, 44, 47, rand 48 _haIA become +28 ± 4 vdc.

4. 4. 2.4 -Y, Left Translation -- Remove the previously made connection from

J1-37 and make the connection J1-37 to J3-9. J1 pins 41, 42, 45, and 46

shall become +1 + 0.5 vdc. Remove the connecticn J1-37 to J3-9 and make

the connection JI_37 to J3--10. J1 pirm 41, 42_ 45, and 46 shall become

+28 • 4 vdc.

4. 4. 2. 5 +Z, Down Translation -- Remove the previous)y made cozmection from

51-38 eJad make the connection JI-38 to J3-9. J1 pins 41, 42, 43, and 44

shall become +1 • 0.5 vdc. Remove the connection J1-38 to J3-9 and make

the connection J1-38 to J3-10. Jl pin_ 41, 42, 43, and 44 shall become

+28 ± 4 vdc.

4. 4. 2. 6 -Z, Up Translat'_on -- Remove the previously made connection from J1-39

and make the connection J1-39 to J3-9. J1 pins 45, 46, 47, and 48 shali

become +1 ± 0.5 vdc. Remove the connection J1-39 to J3-9 and makethe

connection Ji-39 to J3-10. J1 pins 45, 46, 47, and 48 shall become

+28 ± 4 vdc.

4. 4. 3 A_titude Stabilization:

The entries in the body of Table III-1 indicate the outputs that shall occur

when the system is stimulated by the inputs shown in _he input column.

4. _. 4 Temperature Control:

Connect the wiper of ,he potentiorr.eter connected between J2 pins 29 and 30

to J2-30. Adjust the wiper position vntit the resistance applied betweec J2

pins 29 and 3e is 770 ohms. A mlnimum of 18 milliamperes shall flow _hrough

the 2.6-ohmresistor connected between J2 pins 8 and 9, Adjust the wiper

position until the resistance applied oetwen J2 pins 29 and 30 is 790 ohms_ A

maximum of 10 microamperes shall flow through the 2. S-ohm resistor con-

nected between J2 pins 8 and 9.
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Teb!e .HI-1. AttRude Stabi_izat;on Input-Output Relationships

L_ut* Output*- PinJl

_-el and _e** t_ i 43 44 45 4s 4_ 4_,Pin J2 _v rms) 41

4* _,0. 201 281" 1-171" ] -17 28 1-17 28 28 1-17

23 f_O. 201 1-17 1-17 28 28 28 28 1-i7 1-17

3C '_v_).201 28 1-17 28 1-17 28 1-17 28 1-1';

4 ,/'0.201 1-17 i 28 28 1-]7 28 1-17 1-i7 25
23 vaO. 201 28 28 1-1'/ l-IV 1-17 1-17 28 28

36 _,e'O.201 _-17 28 1-17 28 1-17 28 1_17 28

4 %0. 25 28 1-37_" 1-37 _8 l-'J? 28 I 28 1-37

23 '_0. 25 1-37 1-37 28 28 28 28 _ 1-37 1-37

36 '%0.25 28 1-37 28 1-37 28 1-37 28 1-_._

4 _'0. 25 1-37 28 28 1-37 28 1-37 1-37 .'_8

23 V_O.25 28 28 1-37 1-37 1-37 _. 1-37 28 28

36 _0. 25 1-37 28 1-37 38 1-37 |' 28 1-37 28

1
4 '_0. 175 28 " 28 2_ 28 28 28 28 28

23 _0. 175 28 28 2_ 28 28 28 28 28

; 36 _0. 175 28 28 28 28 28 28 28 2_ ......

4 I _0. 175 28 28 28 28 28 28 _ 28 28

} 23 ¢0. 175 28 28 28 28 28 28 ;l{_ 28

36 _0. 175 _8 28 28 28 28 28 28 28

*Input pins are connected _ the axis computer inputs. Output pin_ have simulated
8olenold loads commct_d per Paragraph t, I. I.

** %0. 201 v .-ms ia O. 201 v rms 400 cps square wave in phase _nth J3-8.

_r O. 25 v rma is O. 25 v rms 400 cpe square wave o_ of phase with J3°6,

_1-17 is +1 ± O. 5 vdc output level for _7 _ 1. ? m_llisecond$.

1-3? is +I i O. 5 vdc output level :or 37. ? ± 4 milliiecor_l$,

28 l_ +2_ i 4 vclc output continuous.

A
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4. 5 F..xtend_d _mit Operate Mode

Connect JI-25 to J3-9.

4. 5. 1 Commap, d Torque -- _er 4_ ,_. 1.

4. 5. 2 Translation Command -- Per 4.4. 2.
• :

4. 5.3 Attitude Stabilization- - Per 4. 4. 3, except that the 0.201 v rms input si_nal

b ecome, 1. 785 v rms, the 0.25 v rms input signal becomes 2.22 v rms,

and the 0.175 v rms input signal becomes 1. 555 v rms.

" 1781 -FRI
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SECTION IV

SPECIFICATION FOR THE
ASTRONAUT MANEUVEI_NG UNIT

VOICE CONTROLLER BREADBOARD

1.0 SCOPE

This specification contains .a technical descriptio n of a voice controller to be

used by an astronaut in addressing translational or rotational commands to an

attitude control system (ACS).

2.0 APPLICABLE DOCUMENTS

a. NASA Contract NASw-841

b. Section I, "Requirements for the Astzonaut Maneuvering Unit Attitude

Control System, " of this volume (Volume II) of 1781-FR1, 15 June 1964

3. 0 REQUIREMENTS

3_1 General Design Requirements

The ACS controller shall be designed to operate from certain specified voice

outputs of the astronaut. Unnatural variations of those outputs in volume or

pitch shall not have a detriment:'l effect on cmitroller operation. The con-

troller shall not interfere with normal voice communication, with the environ-

mental support system, or with the visual and mobility funct£ons of the astronaut.

3. t. 1 Three functions shall be included: voice input, speech recognition, and

control signal generation,

i781 -FR1
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3. i. 2 A microphone system shall be used, whether of the close-talking or contact

type, that has the sensitivity, fidelity, frequency response, and dynamic

range characteristics ne_essa_, to transduce the speech commands specified

in Paragraph 3. 2.1 reliably and without distortion.
\.

3.2 Functional Characteristics

3.2. _ The controller shal_ respond to the following words, uttered as vocal inputs:

Roll X Plus Stop

Pitch Y Minus Cage

Yaw Z Z:

The c¢mtroiler shall not respond to any other vocal inputs.

3. 2.2 Rotational Control

3.2. _;. 1 The astronaut shall select a rotation maneuver by uttering one of the

following three terms: roll, pitch, yaw. The_.e terms shall correspond

to body rotations about the x, y and z axes, respectively. Any rotation

command can be changed to any other maneuver command prior to its

execution.

3.2.2.2 Speed selection shall be performed by uttering the maneuver word in a

repetitive manner, as follow_:

Maneuver Word Rotation Rate

Uttered once Precision

Uttered twice Low

Uttered three times High

1781 -FR1
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3.2.2.3 A direclion for the maneuver shall be selected by utter_n4_ the word

"p]us" or ';minus". Such utterance shall normally occur immediately

following the maneuver and speed command utterances.

3.2.2.4 The direction L.ummand shell also constitute £he execution (.ommand for

the ACS, such that its utterance will cause the ACS to perform the de-.

sired rotation maneuver at the speed and direction commanded.

3.2.2.5 The duration of the rotation maneuver sh_l be governed by repetitions

of the execution (direction) command. The maneuver shall be sustained

as long as the appropriate command is repeated. The rate of _epet_.don

reqnired to sustain a maneuver shall not be greater than one word per

second.

3. 2.3 T._.mslational Control

3.2.3. 1 The astronaut shall select a translation mu_neuver by uttering one of the

following three terms: X, Y, Z. The terms shall correspond to body

translations along the x, y, and z axes, respectively. Any translation

command can be changcd to any other maneuver command prior to its

execution.

3.2.3.2 Acceleration selection shall be performed by uttering the maneuver word

in a repetitive manner, as follows:

Maneuver Translation
Word Accelera*.ion

Uttered once Low

Uttered twice High

3, 2.3.3 A direction for the maneuver shall be selected by uttering the word "plus"

or "minus". Such utterance shall normally occur immediately following

the maneuver and acceleration command utterances.
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3.2.3.4 The directioncomm_nd shallalso constitutethe executioncommand for

.-heACS, such ,;hatthisutterance willcause the ACS to l_,e,lormthe

desired translationmaneuver at the accelerationand directioncommanded.

3.2.3.5 The durationof the translationmaneuver shallbe governed by repetitions

of the execution(direction}command. The maneuver shallbe sustained

as long as the appropriate command is repeated. The rate of _'epetidon

required to sustaina maneuver shallnot be greater than one word per

second.

3.2.4 }_topControl

3.2.4.1 The singleword "stop", utteredat any time, shallinunediatelyremove

allverbal commands from the ACS system. The translationalsystem

shall_¢vert to Coast mode, and the ACS shallrevert to attitudehold using

as a reference the attitude that existed at the time the "stop" command

was given.

3, 2.4. 2 No release or engage function by tlie operator shall be necessary for the

system to accept new commands after the "stop" command has been give',,_,

Normal operation should resume when a normal verbal command sequence

i._:given,

3.2.5 Gyro Caging Control

3.2.5.1 The phrase "stop-cage", uttered at any time, shall immediately remove

_dl verbal commands from the ACS and place the gyros in an attitude

synchronous mode of operation. Reaction jet operation _hall be prevented.

3, 2, 5.2 No release or engage function by the operator shall be necessary for the

system to accept new comm2nds after the cage command has been given,

No:nnal operation should resume when a normal verbal command sequence

is given. Attitude ref_rence shall be that existing at the time the cage

command wa,¢ given, provided angular rates were less than 20 deg/sec.
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3.2.6 Deadband Control

/

3.2.6, 1 The phrase "stop-plus", uttered at any time during normal operation,

shall immediately provide the _CS vith wide I±10 degrees) deadband

limits in allb_,d_ axe 3. The ACS sh.dl retain the __de limits until the

astronaut selects the narrow deadband limits as specified in Paragraph

3.2.6.2 or untila precision rate of rotc_tionis commanded.

3.2.6.2 The phrase "stop-minus", uttered at any time during normal operatic.n,

shall immediately provide the ACS with narrow 6h0.8 de_ree) deadband

limits in all body axes. The ACS shall retain the narrow linnts until

the astronaut select3 the wide deadband limits as specS'led in Paragraph

3.2.6. I. The narrow limits shall be removed and the system shall revert

to the wide limits any time the ACS is placed jn the caged mode.

3.3 Pez_ormance Characteristics

3.3. 1 The dynamic range of the speech controller shall be 30 db, It shall provide

notarial signal inputs to the ACS when the operator's voice intev.sity varies

over a range corresponding to sound pressure leve!s from 59 to 89 db one

meter from the speaker,

3.3.2 The response time of the voice input and speech recognition functions shall

be such that appropriate electrical outputs shall result from the 10 permissible

vocal inputs in 0, 1 second or less, measured peak-to-peak (speech peak-to-

signal peak).

3.4 Electrical Characteristics

3.4. 1 The thrust logic outputs of the controller to the ACS sensogs and electronics

shall be designated:

O - Positive x-axis acceleration ,,

P - Negative x-axis acceleration
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Q - Positive y-axis acceleration

R - Negative y-axis acceleration

S - Positive z-axis acceleration

T - Negative z-axis acceleration

3.4.2 Logic Designation

The controller shall switch a given !ogic output from 0 to I by changing

the characteristics of the voltage applied to a wire accordin8 to the fol-

lowing:

Source

Volt age Imped ance
State (vdc) (K ohm max)

0 0+0.5 4,5

1 +6±0.5 4.5

3.4. 3 There shall be 20 torquing commands to the electronics consisting of

voltages with the characeristies given in Paragraph 3.4.2:

ACS OFF F_tch Hi Neg

Yaw Hi Pos Pitch Lo Neg

Yaw Lo Pos Pitch Precisien Neg

Yaw Precision Pos Roll Hi Pos

T _w I-I_ Neg Roll Lo Pos

Yaw I__ Neg Roll Precision Pos

Yaw Precision Neg Ro[] Hi Neg

Pitch Hi Pos Roll Lo Neg

Pitch Lo Pos Roll Precision Neg

Pitch Precision Pos Deadband Set

i

#
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3.5 P hy_.ical Characteristics

3.5. 1 The voice controller breadboard, which sh&ll be taken to include the

voice input section, the speech analyzer _,_ection, and the signal output

section, shal] not _xceed t. 5 cubic feet i," volume.

.2.5.2 The voice controller, as defined in Paragraph 3.5. 1, shall not _:c_<h

more than 20 iJounds.

3.5.3 A design goal shall be to use parts suitable for use zn a sp_ce qualhied

device.

&

4.0 BREADBOARD TESTS

4. 1 Selected environmental tests shall be performed to assure that the design

4z is suitable for use in a space environment.
tt

° 4.2 Tests performed shall be consistent with the degree +._"zhtcn componentssuitable fo: space use al-e used in the breadboard equipment.

i
I
1
l
!
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